The effect of deformation-induced martensitic transformation on the strain-controlled low-cycle fatigue behavior in type 304 metastable austenitic stainless steel at room temperature has been studied. The fatigue behavior in type 310 stable austenitic stainless steel has been also examined for comparison. The fatigue life (N f) of type 304 steel was markedly affected by the ca'-martensite formation. When the total strain range (AEt) was higher than 0.8 %, where the cr'-martensite formation started before the crack initiation, N f of type 304 steel was about 1/5 times shorter than that of type 310 steel, when compared at the same 4e (mean plastic strain range from first cycle to final cycle). This shorter N f of type 304 steel was attributed to the increase in d t (mean cyclic tensile stress) due to the a'-martensite formation and to the martensite acting as the preferential site of crack initiation. The degree of decrease in N f was larger when the ca'-martensite formation started in the strain hardening stage than in the saturated stress stage of fatigue process, in connection with the larger increase in at. At low det such as 0.6
I. Introduction
Recently, the consumption of LNG (Liquid Natural Gas) as new heat energy is increasing, and sheets of type 304 austenitic stainless steel are used as the first wall (membrane) of LNG storage tanks.1,2~ Since the cyclic stress and strain are caused in the first wall by the change in gas and liquid pressure due to the variation of the liquid surface level, the low-cycle fatigue is quite an important problem for the design of the first wall materials.1 LNG is usually held at 111 K (-162 °C).1) At such a low temperature the martensitic transformation is induced by the fatigue deformation in type 304 steel. It is thus necessary to make clear the influence of martensite formation on the low-cycle fatigue life in order to optimize performance.
There have been several papers'-9) about the influence of deformation-induced martensitic transformation on the fatigue behavior of metastable austenitic steels. The strain-controlled low-cycle fatigue tests? 9) showed that the martensitic transformation shortens the fatigue life. It has been reported that such a decrease in fatigue life is closely related with the increase in the stress amplitude due to the martensite formation7'8 and with the martensite acting as the preferential site of the crack initiation.9~ These previous investigations indicate that the martensite formation plays an important role on the fatigue life in the metastable austenitic steel. However, systematic investigations about the relation between the low-cycle fatigue behavior and the deformation-induced martensitic transformation are few, and so the extensive studies concerning such a problem are desired.
The present authors10~ studied the effect of total strain range on the martensite formation behavior during strain-controlled fatigue deformation in type 304 austenitic stainless steel. They10> reported that the critical number of cycles for the onset of martensite formation decreased with an increase in the total strain range, and that the martensitic transformation started in the strain hardening stage or in the saturated stress stage of fatigue process, depending on the total strain range. However, the difference in the low-cycle fatigue behavior between the two cases in which the martensitic transformation starts in the strain hardening stage and/or in the saturated stress stage has not yet been reported. The present study was thus performed to obtain a clear understanding of the effect of martensite formation in such two cases on the fatigue behavior in type 304 metastable austenitic stainless steel.
II. Experimental Procedure
In the present study, type 304 and type 310 austenitic stainless steels were used. These steels were selected because type 304 steel is metastable austenitic and type 310 steel is stable austenitic at room temperature. The chemical compositions and MS temperatures of these steels are listed in Table 1 . Specimens for fatigue and monotonic tensile tests shown in Fig. 1 were machined from hot swaged bars 20 mm in diameter. These specimens were solution-treated in vacuum at 1 473 K (1200 °C) for 3.6 ks and then quenched into oil. Average austenite grain sizes of specimens in type 304 and type 310 steels were about 200 ~€m and 250 fim, respectively. The specimen surface was carefully polished with 80, 180 and 400 grit emery papers in order to minimize surface effect on the fatigue properties.
The fatigue tests were carried out in air with an MTS type machine (Shimadzu Servopulser) under the tension-compression condition in the strain con- (835) trol mode. Axial strain in a 10 mm gauge length was measured with an LVDT extensometer fitted on the uniform diameter section of the specimen. The cyclic strain was of a triangular form with time. The total strain range was altered in the range from 0.5 to 2.5 %. Tests were performed at room temperature (299 K~301 K) and at a strain rate of 3.3 x 10_3 s-1. At various fatigue cycles, load-elongation hysteresis loops were recorded. The number of cycles to failure (i.e., fatigue life) was defined as the number of cycles at which the stress amplitude in tension side decreases to 3/4 of the maximum stress amplitude. The monotonic tensile tests were also carried out with the same machine, and at the same test temperature and the same strain rate as those for the fatigue tests.
The fatigue and the monotonic tensile tests were stopped at several periods, and the volume fraction of a'-martensites was measured with a commercial " ferrite scope " which measures the magnetic permeability of specimens. This instrument had been calibrated for the a'-martensite phase in type 304 steel.
III. Results
Martensite Formation during Monotonic Tensile Deformation
The true stress-true strain curves of type 304 and type 310 steels at room temperature are shown in Fig. 2 . The a'-martensite formation during the monotonic tensile deformation was observed only in type 304 steel and not in type 310 steel. The volume fraction (VM) of the a'-martensite formed in type 304 steel is also shown in Fig. 2 . As is seen, VM increases with increasing stress and/or strain. The critical applied stress and strain for the onset of the a'-martensite formation in type 304 steel are recognized to be about 290 MPa and 6 %, respectively. It is clear from these results that the room temperature (-300 K) is in the temperature range between Ms and Md for type 304 steel and is above Md for type 310 steel, where Md is the temperature above which martensite is not produced by plastic deformation and MS is the temperature below which martensite forms before yielding of austenite, and above which martensite forms after yielding of austenite.
Martensite Formation and Change in Cyclic Tensile
Stress with the Number of Cycles during the Fatigue Deformation The change in cyclic tensile stress (i.e., stress amplitude in tension side, c) with the number of cycles during the strain-controlled fatigue deformation in type 310 stable austenitic steel is shown in Fig. 3 . The total strain range (art) was altered in the range from 0.5 to 2.5 %. In all the tests the cyclic tensile stress (6t) increases with the number of cycles in the initial stage of fatigue process and then reaches the saturated stress levels. This initial stage of fatigue process is (b) show the martensite formation and the change in cyclic tensile stress with the number of cycles in type 304 metastable austenitic steel, respectively. 4st was altered in the range from 0.6 to 2.5 %. Arrows (~ ) shown in Fig. 4(b) indicate the critical number of cycles for the onset of the a'-martensite formation. As is seen in Fig. 4(a) , the a'-martensite formation is observed in all 4st examined, and the volume fraction (VM) of a'-martensite increases with the number of cycles. It is noted that VM at a given number of cycles increases with an increase in 4~t, indicating that the a'-martensite formation is enhanced as &t is increased.
It should be noted in Fig. 4 (b) that unlike type 310 steel, two types of 6t-N curves (cyclic tensile stressnumber of cycles curves) are observed in type 304 steel. At low 4st (i.e., 0.6 %, 0.8 % and 1.0 %) the saturated stress stage is observed after the initial strain hardening stage. After some cycles of the saturated stress stage, the value of 6t again increases with the number of cycles. It is noted that the start of such a secondary hardening corresponds to the onset of the a'-martensite formation, and the tendency of 6t to increase with the number of cycles is consistent with that in VM ( Fig. 4(a) ). The start of secondary hardening (i.e., the onset of the a'-martensite formation) is accelerated and the degree of secondary hardening is increased as 4et is increased. This range of 4st from 0.6 to 1.0 % is hereafter referred to as " low 4s range." On the other hand, at high 4et (i.e., 1.5 %, 2.0 % and 2.5 %) the a'-martensite formation starts in the strain hardening stage of fatigue process. The value of at continuously increases with the number of cycles due to the a'-martensite formation, and thus the saturated stress stage can not be observed. This range of 4st from 1.5 to 2.5 % is hereafter referred to as " high 4Ct range." The high and the low 4et ranges corresponded to the test condition that the saturated stress level of austentte was higher or lower than the critical stress for the onset of the a'-martensite formation during monotonic tensile deformation (i.e., 290 MPa in this particular case), respectively.
It can be concluded from the results shown in Figs. 3 and 4 that the shape of at-N curve depends not only on whether or not the a'-martensite formation takes place during the fatigue deformation, but also on whether the a'-martensite formation starts in the strain hardening stage or in the saturated stress stage of fatigue process.
Fatigue Life
In the low-cycle fatigue tests, the Coffin-Manson low-cycle fatigue law has been used to account for the fatigue damage. The (1) where, 4ep : the plastic strain range Nf : the number of cycles to failure (i.e., fatigue life) a, C: constants. In case of the fatigue test under the total strain range control mode, the plastic strain range (4e,) decreases with an increase in cyclic tensile stress. Then in the present study, the mean value of plastic strain range (4;p) from first cycle to final cycle was measured from the hysteresis loops. The values of 4~ , were almost equal to those of 4ep at mid-life (i.e., 0.5 Nf) of the specimens. The log ()-log (N f) plots for type 304 and type 310 steels are shown in Fig. 5 . The parameter a in Eq. (1) for both steels are listed in Table 2 . Respective marks 0 and • in type 304 steel in Fig. 5 indicate the data for the high and the low Act ranges, which were defined earlier.
As is seen in Fig. 5 , in the case of type 310 stable austenitic steel all of the experimental data lie on a straight line with the slope of -0.54.
However, in the case of type 304 metastable austenitic steel two stages with different slopes are observed. In the range of 4~p higher than about 0.7 % the experimental data lie on a straight line with the slope of -0.65, which Martensite formation and the change in cyclic tensile stress with the number of cycles during fatigue deformation in type 304 metastable austenitic stainless steel. Arrows (~ ) in Fig. 4(b) indicate the critical number of cycles for the onset of a'-martensite formation. (837) is somewhat higher than that in type 310 steel. The fatigue life (N f) is about 1/5 times shorter than that in type 310 steel, when compared at the same On the other hand, in the range of dip lower than about 0.7 %, the experimental data lie on another straight line with the lower slope of -0.25.
In this range of dip the difference in Nf between the two steels is decreased with a decrease in dip, and at last "If for dip=0.36 % (dot=0.6 %) of type 304 steel becomes about 2 times longer than JV f of type 310 steel. Similar results (i.e., two stages in log (dip)-log (Nf) plot) have been reported in metastable austenitic steels with the martensite formation by Smith et a1.l4) and by Baudry and Pineau.') The a'-martensite formation took place during the fatigue deformation in type 304 steel, and did not in type 310 steel. Then it is clear that the difference in N f between the two steels in Fig. 5 is attributed to the a'-martensite formation in type 304 steel. Morevoer, it must be emphasized in Fig. 5 that the two stages with different slopes observed in type 304 steel correspond to the high and the low 4Et ranges (i.e., each range of det indicated by marks 0 and •), respectively. Alternatively, the two stages in log ()-log (N f) curve are classified by whether the a'-martensite formation starts in the strain hardening stage or in the saturated stage of fatigue process. From these results, the fatigue lives in such two cases of type 304 steel can be summarized as follows :
(1) The case in which the a'-martensite formation starts in the strain hardening stage (i.e., at dst= 1.5 %, 2.0 % and 2.5 %) ; N f o f type 304 metastable austenitic steel is much shorter than that of type 310 stable austenitic steel.
(2) The case in which the a'-martensite formation starts in the saturated stress stage (i.e., at 4a=0.6 %, 0.8 % and 1.0 %); the difference in JVf between the two steels becomes smaller, as 4st is decreased (i.e., as the start of the a'-martensite formation is delayed). As the start of the cr'-martensite formation is more delayed at z1=0. (2) where, 4sp : the plastic strain range in the saturated stress stage ,l: the cyclic hardening exponent k : a constant. In case of type 304 steel, in the high dat range the specimen does not show the saturated stress stage, and in the low 4st range the secondary hardening takes place due to the a'-martensite formation, as was shown in Fig. 4 . In the present study, the mean values of cyclic tensile stress (Qt) and plastic strain range (Js) p from first cycle to final cycle were measured from the hysteresis loops. The cyclic stress-strain curves (i.e., log (at)-log (dip) curves) of type 304 and type 310 steels are shown in Fig. 6 . The values of parameter 10 in Eq. (2) for both steels are listed in Table 2 .
As is seen in Fig. 6 , in the case of type 310 stable austenitic steel all of the experimental data lie on a straight line with the slope of 0.39. It is worth noting for type 304 metastable austenitic steel that two stages corresponding to the high and low 4Et ranges are also observed, as were observed in the log (48p)-log (A) curve (Fig. 5) . In the high 4 ~t range (indicated by 
Transactions ISIJ, Vol. 23, 1983 mark 0) the experimental data lie on a straight line with the slope of 0.10. At a given Aep, the mean cyclic tensile stress (at) of type 304 steel is from 1.4 to 1.7 times higher than that of type 310 steel. The formation of a'-martensite took place only in type 304 steel. It is thus clear that such a difference in at is attributed to the a'-martensite formation. In the low 4et range (indicated by mark •) the experimental data lie on another straight line with the higher slope of 0.99. The difference in at between the two steels is decreased, as 4ep is decreased. At last, 6t for 4~p= 0.36 % (4et=0.6 %) of type 304 steel becomes almost the same as that of type 310 steel. It is well known that the propagation rate of fatigue crack increases with an increase in stress amplitude (i.e., it). Therefore, it is possible that the two stages of type 304 steel observed in log (Asp)-log (JV f) curve (Fig. 5 ) is closely associated with the two stages in log (at)-log (Aep) curve. This problem will be discussed in the following section.
Iv. Discussion
There have been several papers 1-9) about the influence of deformation-induced martensitic transformation on the fatigue behaviors of metastable austenitic steels. Baudry and Pineau7) reported that in the strain-controlled fatigue test both the initiation and the propagation of fatigue crack are accelerated by the martensitic transformation.
In the case of strain-controlled tests, the stress amplitude is increased with an increase in the amount of martensite. Since the crack propagation rate is increased with an increase in stress amplitude, they') proposed that the increase in crack propagation rate is related with the increase in stress amplitude due to the martensite formation. Moreover, Chanani and Antolovich9) suggested that martensites formed before the crack initiation act as the preferential site of crack initiation, resulting in a decrease in fatigue life. On the other hand, Chanani et a1.4) reported in the stress intensity range (4K) controlled test of TRIP steel that the crack propagation rate is decreased in the condition where the martensitic transformation takes place near the crack tip. It has been proposed that martensites forms around the crack tip after the crack initiation absorb the strain energy at the crack tip16) and suppress the crack propagation by producing a residual compressive stress.3,s)
The fatigue life (A) is the sum of the number of cycles spent in the crack initiation (.N2) and in crack propagation up to failure (J'f ). Then the contributions of martensite formation to Ni and Np should be considered in order to make clear the relation between the martensite formation and the fatigue life. In view of several investigations surveyed above3'4,7-s) the contributions of martensite formation to the fatigue life (Nf=N2+Np) can be summarized as follows: (Contribution 1) the increase in stress amplitude due to martensite formation shortens Np (Contribution 2) the martensite formation before the crack initiation shortens A' (Contribution 3) the martensite formation around the Research Article crack tip after the crack initiation prolongs Np Here the difference in .N'f between type 304 and type 310 steels observed in Fig. 5 will be discussed based on the above three contributions of martensite formation.
First, Contribution 1 is discussed. In the case of strain-controlled fatigue test, the crack propagation rate (dl/dJ"f) was proposed by Tomkins17) as dl dN 22(l)2 c2 2 4ep ( 6t) where, 4s p: the plastic strain range at: the cyclic tensile stress (i.e., the stress amplitude in tension side) 1: the crack length T : the mean tensile stress equivalent to the mean shear stress acting along flow bands radiating ±45 deg from the crack tip. Equation (3) indicates that the crack propagation rate increases with an increase in 6t at a given 4ep, resulting in a decrease in the fatigue life. As was shown in Fig. 6 , at the same Asp the value of at of type 304 steel was higher than that of type 310 steel due to the a'-martensite formation. Therefore, in order to discuss the difference in the fatigue life between the two steels, the term of of should be considered in addition to Asp.
The fatigue life equation with the term of 6t can be derived using Eq. (3) The terms of right hand (G*) in Eq. (5) are constant. The value of c can be obtained by the monotonic tensile test. In the present study, l f was taken as a specimen diameter (5 mm) and to was assumed to be the initial crack length obseved by Grosskreutz18) (10 nm). Thus C* becomes 5.04. The ultimate tensile stress (an) for type 310 steel was taken as 943 MPa which was observed in the tensile test at 300 K. In type 304 steel, the a'-martensitic transformation takes place during the fatigue deformation and the fatigue crack propagates in the martensite-austenite two phase structure. Tomota et a1.19) reported that in the case of two phase steel the fatigue crack propagates preferentially in the softer phase. Since o (i.e., T) is the value for the front region of crack tip,17) the value of Qu for the austenite phase should be used in type 304 steel. The value of c (920 MPa) obtained Is", Vol. 23, 1983 (839) by extrapolating the data above Md to 300 K was used for type 304 steel. Now it can be expected from Eq. (5) that the experimental data of type 304 and type 310 steels lie on the same straight line with the slope of -1 in the log {QEp(at/Uu)2}-log (Nf) plot, if the difference in j f, between the two steels observed in the log (dip)-log (Nf) plot (Fig. 5) is caused only by the increase in at due to the a'-martensite formation (i.e., Contribution 1). The log {48p(at/au)2}-log (Nf) plots for type 304 and type 310 steels are shown in Fig. 7 . In this figure the predicted N f line using C* = 5.04 is also shown.
As shown in Fig. 7 , the experimental data of type 304 and type 310 steels lie on respective straight lines with the slope of -1, except for the datum for 4st= 0.6 % (dip=0.36 %) of type 304 steel indicated by No. 6. It should be noted that the difference in J%ff between the two steels is still observed even in the log {d~p(at/ru}2)-log (Nf) plot with the term of at. The fatigue life at 4et>_0.8 % of type 304 steel is about 0.6 times shorter than that of type 310 steel. On the contrary, the fatigue life at 4et=0.6 % of type 304 steel is about 2 times longer than that of type 310 steel. It is clear from these results that the difference in N f between the two steels observed in the log (A)-log (N f) plot (Fig. 5) can not be explained only by the increase in at due to the a'-martensite formation. However, it is noted in Fig. 7 that the experimental data of both steels fall in the range of factor of 2 of the predicted Nf line. This result indicates that the Tomkins' model gives a good estimation of fatigue life and is applicable in the present steels. Thus it can be concluded that the fatigue life of type 304 steel is in good agreement with the predicted Xf by considering the increase in at due to the a'-martensite formation (i.e., Contribution 1), although Contribution 1 can not explain all of the differences in Nf between the two steels.
The decrease in N f of type 304 steel due only to Contribution 1 can be estimated as follows. As it was already shown in Fig. 5 , in the case of log (dip)-log (N f) plot without the term of 6t, the fatigue life of type 304 steel in the high 4st range (i.e., dot>_ 1.5 %) was shorter than that of type 310 steel by about 80 %. However, in the case of log {&,(at/cu)2}-log (Nf) plot (Fig. 7) , the fatigue life of type 304 steel at 4et>_0.8 % is shorter than that of type 310 steel by only about 40 %. Therefore, it can be considered that at least half of the decrease in Nf, of type 304 steel observed in Fig. 5 is attributed to the increase in 6t due to the a'-martensite formation (Contribution 1).
Furthermore, the two stages with different slopes (i.e., different values of a in Eq. (1)) of type 304 steel observed in Fig. 6 can be now explained using Eq . (2) and Eq. (5) as follows.
Combining Eq. (2) with Eq. (5) (6) It is clear from Eq. (6) that the value of a is dependent on R (cyclic hardening exponent) and decreases with increase in 3. The values of 11(2/3+1) for type 304 and type 310 steels are listed in Table 2 . As is seen, the value of 1/(2j3+ 1) is in fairly good agreement with the experimental value of a. Therefore, it can be considered that the difference between the parameter a in the low dot and the high dot ranges of type 304 steel is attributed to the larger 3 in the low 4Et range than that in the high 4s t range. As was already described in Fig. 7 , even in the log {dsp(at/Uu)2}-log (.N,) plot the difference in JV f between type 304 and type 310 steels was still observed. This difference in JV f will be tried to explain by considering other contributions of martensite formation to the crack propagation or the crack initiation (i.e., Contributions 2 and 3 described earlier).
As described earlier, martensites formed before the crack initiation act as the preferential site of crack initiation,9~ resulting in the decrease of X1 (Contribution 2). Martensites formed around the crack tip after the crack initiation absorb the strain energy at the crack tip16) and suppress the crack propagation by producing a residual compressive stress,3'8~ resulting in the increase of Np. (Contribution 3). It is easily considered that such Contributions 2 and 3 are closely related with whether or not the martensite is formed before the crack initiation.
The ratio (Nc/Nf) of the critical number of cycles for the onset of a'-martensite formation (J'i) to the number of cycles to failure (N f) in type 304 steel is shown in Fig. 8 as a function of dot. Unlike type 310 steel, the value of .1V f of type 304 steel is influenced by the a'-martensite formation. Thus in order to know the ratio Nc/J%ff without the effect of a'-martensite formation, the values of Nf of type 310 steel at the same 4st as type 304 steel were used in Fig. 8 . In this figure the ratio Nc/)'T f obtained by JV f of type 304 steel is also shown for the comparison (indicated by mark 0). As is seen, both data of /Nf (i.e., the data indicated by marks L and 0) are almost the same, except for the data at &=0.6 %. It is noted in the (840) Transactions ISIJ, Vol. 23, 1983 data indicated by mark L that the value of JVc/Nf is almost constant (about 0.2 %) at dat> 1.5 %. As 4rt is decreased, the value of J'T /JV'f is increased and it becomes about 20 % at 4s1=0.6 %. Thompson20~ reported that the crack embryo is present in the range from 1 to 10 % of the fatigue life. Nakamura et a1.2~ observed in type 304 steel that the crack initiation takes place at about 20 % of the fatigue life. As was shown in Fig. 8 , at dat>_0.8 % the a'-martensite formation strated at the number of cycles below 2 % of the fatigue life. Therefore, it can be considered that the a'-martensite formation occurs before the crack initiation at d at>_0.8 %. Such martensites formed in the early stage of fatigue life might act as the preferential site of crack initiation, as suggested by Chanani and Antolovich9~ (Contribution 2) . It is thus considered that the short Nf at 4a0.8 % of type 304 steel observed in Fig. 7 is closely associated with the decrease in Nz due to Contribution 2. On the other hand, at d st =0.6 % the a'-martensite formation started at about 20 % of the fatigue life (Fig. 8) . In this case the contribution of martensite to the crack initiation is negligibly small because the critical number of cycles for the onset of a'-martensite formation is considered to be larger (or almost equal) in comparison with that for the crack initiation. Moreover, it can be expected that in the case of 4e= 0.6 % most of the a'-martensites are induced at the crack tip by the stress concentration after the crack initiation. Martensites fromed around the crack tip suppress the crack propagation3,8,16~ (Contribution 3). Therefore, the long Nf at 4~t=0.6 % of type 304 steel is considered to be associated with the above reason.
Consequently, the effect of a'-martensite formation on the fatigue life (Nf) can be summarized as follows :
(1) The case in which the a'-martensite formation starts before the crack initiation, Nf is decreased. This decrease in N f is caused by Contributions 1 and 2. When the a'-martensite formation starts in the strain hardening stage, the degree of decrease in N, is larger than in the saturated stress stage, in connection with the larger increase in 6t.
(2) The case in which the a'-martensite formation starts after the crack initiation, Nf is prolonged. This increase in Nf is caused by Contribution 3.
V. Conclusions
The effect of deformation-induced martensitic transformation on the strain-controlled low-cycle fatigue behavior in type 304 metastable austenitic stainless steel at room temperature was studied. The fatigue behavior in type 310 stable austenitic stainless steel was also examined for comparison. The main results obtained are as follows :
(1) In the case of type 304 steel accompanying the deformation-induced martensitic transformation, two types of at-N curves (cyclic tensile stress-number of cycles curves) were observed. In the high 4s t range (i.e., d st=1.5 %, 2.0 % and 2.5 %) the a'-martensite formation started in the strain hardening stage of fatigue process, and the value of of continuously increased up to failure. In the low 4s t range (i.e., &t =0.6 %, 0.8 % and 1.0 %) the saturated stress stage was observed. After some cycles of saturated stress stage the value of 6t was again increased with the number of cycles due to the a'-martensite formation.
(2) The fatigue life of type 304 steel was markedly affected by the a'-martensite formation during the fatigue deformation.
(3) At dat>_0.8 % the fatigue life (Nf) of type 304 steel was about 1/5 times shorter than that of type 310 steel, when compared at the same 47p. This range of dSt was considered to correspond to the case in which the a'-martensite formation started before the crack initiation. The short Nf of type 304 steel was attributed to the increase in Qt due to the a'-martensite formation (Contribution 1) and to the martensite acting as the preferential site of crack initiation (Contribution 2). The degree of decrease in J f f of type 304 steel was larger in the high 4s t range than in the low 4Et range, in connection with the larger increase in Jt (4) At Oat=0.6 %, Jff of type 304 steel was about 2 times longer than that of type 310 steel. The condition of Jet=0.6 % was considered to correspond to the case that the a'-martensite formation started at the crack tip after the crack initiation. The long Nf of type 304 steel was attributed to the suppression of crack propagation due to the a'-martensite formation around the crack tip (Contribution 3).
(5) The experimental data of JV f fell in the range of factor of 2 of the predicted N f which were obtained on the basis of Tomkins' model by taking into consideration the increase in at due to a'-martensite formation.
(6) In the case of type 304 steel, two stages with the different slopes (i.e., the different values of a in 
Eq. (1)) corresponding to the high 4~t range and the low dot range were observed in the log (app)-log (.Nf) plot. Such a difference in parameter a in Eq. (1) between the high and the low 4~t ranges could be explained by the result that the cyclic hardening exponent 9 was larger in the low zk range than in the high d st range.
